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We study the effect of Efimov physics (in the few-body sector) to the spectral response of Bose
polaron, a many-body system consisting of an impurity immersed in a bath of bosonic atoms. We
find that the Efimov correlation can be greatly enhanced by increasing the mass ratio between the
bosons and the impurity, which results in visible signatures in the rf spectrum of the polaron. Using
a diagrammatic approach up to the third-order virial expansion, we show how the mass imbalance
and the enhanced three-body effect modify the line shape and the width of the polaron spectrum.
Moreover, we study the effect of a finite boson-boson interaction to the spectrum. Taking the
realistic system of Li impurities immersed in Cs bosons with a positive Cs-Cs scattering length,
we find a visible Efimov branch, which is associated with the second lowest Efimov trimer, in the
polaron spectrum. In particular, by adjusting the boson density the Efimov branch can greatly
hybridize with the attractive polaron branch leading to the spectrum broadening near their avoided
level crossing. Our results can be directly probed in the cold atoms experiments on Li-Cs and Li-Rb
Bose polarons.
I. INTRODUCTION
Novel few-body correlations in the interacting many-
body systems have intrigued great research interests in
both condensed matter physics and also the field of ul-
tracold atoms. The Efimov effect, characterized by an
infinite number of trimer states near a two-body reso-
nance and following the universal scaling law[1, 2], rep-
resents one of the most intriguing three-body correlations
in the quantum world. Given the successful explorations
of Efimov physics in ultracold atoms[3–19], it is time to
ask how such novel few-body correlation affects the prop-
erty of a many-body system. To address this question,
a simple yet non-trivial platform is the polaron system
in ultracold gases, which consists of an impurity atom
embedded in and interacting with a bath of fermionic or
bosonic atoms, respectively called the Fermi or Bose po-
laron. Experimentally, the Fermi polaron[20–25] and the
Bose polaron[26–28] have been successfully explored in
ultracold gases, both of which exhibit the attractive and
repulsive branches signifying the two-body correlations.
Nevertheless, the signature of Efimov physics has not
been reported in existing experiments, despite a number
of theoretical proposals of dominating three-body corre-
lations in polaron systems[29–37].
In a previous study, we pointed out that Efimov sig-
natures can be visualized in Bose polarons with large
mass imbalance[38]. Such enhanced Efimov correlation
has taken advantage of the following facts. First, com-
pared to Fermi systems, the Bose system naturally more
favors the formation of Efimov trimers due to the absence
of Pauli principle[1, 2]. Secondly, for the hetero-nuclear
atomic system with two bosons and a third distinguish-
able particle, the Efimov scenario can be greatly modified
∗ xlcui@iphy.ac.cn
by their mass ratios[39]. Specifically, a large mass ratio
between the bosons and the third particle can give rise
to deep ground state trimer and dense Efimov spectrum
with small scaling factor. Thirdly, in the Bose polaron
system, by tuning the boson-impurity interaction, the
sizes of the Efimov trimers can become comparable to
the inter-particle distance of the polaron system. In this
case the Efimov trimers will have the optimized interfer-
ence with the many-body background, thereby producing
visible Efimov signatures in the polaron spectrum[38].
In this paper, we will extend our previous work[38] to
investigate in detail how the three-body Efimov correla-
tions affect the line shape and the width of the Bose po-
laron spectrum with different mass ratios. Using the di-
agrammatic approach up to the third order virial expan-
sion, we can easily separate the three-body contributions
from two-body ones and see clearly the isolated three-
body effects in the spectrum of Bose polarons. It is found
that as the mass ratio between the bosons and the im-
purity increases, the three-body Efimov correlations play
more and more essential roles in the polaron spectrum. In
addition, we study the effect of background boson-boson
interaction to the polaron spectrum. Taking the realistic
system of Li impurities immersed in Cs bosons with a
positive Cs-Cs scattering length[40, 41] for example, we
find a visible Efimov branch, which is associated with the
second lowest Efimov trimer in the three-body sector, in
the polaron spectrum. By adjusting the boson density,
such Efimov branch can undergo an avoided level cross-
ing with the attractive polaron branch, leading to much
broadened spectra due to their hybridization near the
crossing. These results demonstrate the enhanced Efi-
mov correlations by mass imbalance in the many-body
setting of Bose polarons, which hopefully can be probed
in the current cold atoms experiments of Li-Cs and Li-Rb
polaron systems.
The rest of the paper is organized as follows. Section
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2II is contributed to the general formalism of diagram-
matic approach in studying the Bose polaron spectrum.
In section III we apply the approach to the simplest case
with no boson-boson interaction and discuss the effect of
mass imbalance. In section IV we study the effect of finite
boson-boson interaction, taking the realistic example of
Li impurities immersed in Cs bosons with a positive Cs-
Cs scattering length. Finally we discuss and summarize
our results in section V.
II. GENERAL FORMALISM
We start from the Hamiltonian of Bose polaron system:
H = p
2
i
2mi
+
N∑
j=1
p2b,j
2mb
+Uib
N∑
j=1
δ(ri−rb,j)+Ubb
N∑
j<k
δ(rb,j−rb,k),
(1)
where ri and pi are respectively the position and mo-
mentum of the impurity; rb,j and pb,j (j = 1, . . . , N)
are the position and momentum of N identical bosons;
mb and mi are respectively the masses of bosons and the
impurity, and the mass ratio is denoted by η ≡ mb/mi;
Uib (Ubb) is the bare coupling strength between bosons
and the impurity (within bosons), which can be related
to the s-wave scattering lengths aib (abb). In this paper
we consider aib is highly tunable across resonance while
abb stays constant (zero or a finite value).
In most of the existing cold atoms experiments[22–27],
an inverse radio-frequency(rf) spectroscopy has been car-
ried out in obtaining the polaron spectrum, in which the
resulted signal is directly proportional to the impurity
spectral function at zero momentum[42]. In the follow-
ing, we will derive this quantity from the diagrammatic
approach in the framework of high-temperature virial
expansion[43–48]. The advantage of this approach is that
it can incorporate the two-body and three-body contri-
butions in a systematic and separable way, which allows
us to directly extract the Efimov effect.
We start by expanding the free boson propagator in
powers of the fugacity of bosons zb = e
βµb (µb is the
boson chemical potential and β = 1/(kBT )):
G(0)(p, τ) = e−(p−µ)τ [−Θ(τ)− nb(p − µb)]
= eµτ
∑
n≥0
G(0,n)(p, τ)znb , (2)
where G(0,n)(p, τ) is −Θ(τ)e−τp for n = 0 and
−e−nβpe−pτ for n > 1; τ ∈ (0, β] is the imaginary
time; p = p
2/(2mb); nb(x) = 1/(e
βx − 1) is the Bose
distribution function. Based on Eq.2, all physical quan-
tities of Bose polarons can be expanded in powers of zb.
Note that the fugacity of the impurity is sent to zero due
to its negligible density (corresponding to the impurity
chemical potential µi → −∞). It is straightforward to
check that the n-th order virial expansion will give rise
to the impurity self-energy up to the order of zn−1b .
FIG. 1. Feynman diagrams for the atom-dimer scattering ma-
trix Tαβ3 . Here α, β = i or b is the shorthand for impurity or
boson. (a,b,c,d) respectively correspond to αβ = bb, ii, ib, bi.
Before going to the diagrams of the impurity self-
energy, let us first introduce the two-body scattering
matrix Tαβ2 and the atom-dimer scattering matrix T
αβ
3 .
Namely, Tαβ2 denotes the two-body scattering matrix be-
tween α and β, with αβ = ib or bb for the shorts of
impurity-boson or boson-boson pair:
Tαβ2 =
2pi
mαβ
1
a−1αβ −
√−2mαβE , (3)
where E is the scattering energy, and mib =
mbmi
mb+mi
,
mbb = mb/2 are the reduced masses. T
αβ
3 is the atom-
dimer scattering matrix with the incoming atom denoted
by α and outgoing atom denoted by β, and there are
four combinations αβ = bb, ii, ib, bi as shown in Fig.1(a-
d). Among all of them, T bb3 can be first obtained from
the diagrams in Fig.1(a), which reads:
3T bb3 (p1,p2, E) =
1
E − p1 − p2 − (p1 + p2)2/(2mi)
+
∫
d3q
(2pi)3
T ib2 (E − q
2
2mAD
)
E − p1 − q − (p1+q)
2
2mi
T bb3 (q,p2, E)
+
∫
d3q
(2pi)3
T bb2 (E − q
2
2miD
)
E − p1 − p1+q − q
2
2mi
1
E − q+p2 − p2 − q
2
2mi
+
∫
d3q
(2pi)3
∫
d3q1
(2pi)3
T bb2 (E − q
2
2miD
)
E − p1 − p1+q − q
2
2mi
T ib2 (E − q
2
1
2mAD
)
E − q+q1 − q1 − q
2
2mi
T bb3 (q1,p2, E) (4)
where E is the scattering energy, and p1,p2 are respec-
tively the relative momenta of the incoming and outgoing
atom-dimer states in the center-of-mass frame. mAD =
mb(mb+mi)/(2mb+mi) and miD = 2mimb/(2mb+mi)
are respectively the boson’s and the impurity’s reduced
mass for the atom-dimer scattering. Then the remaining
matrixes can be straightforwardly expressed by T bb3 and
T ib2 , T
bb
2 as shown in Fig.1(b-d).
FIG. 2. Feynman diagrams of the impurity self energy Σ(1) (a) and Σ(2)(b-g). T˜3 is T3 excluding the first Born term. The
boson propagator line with n vertical dashes denotes the n-th order contribution G(0,n) in Eq.2.
In Fig.2 we plot the Feynman diagrams for the impu-
rity self energy Σ(k, τ) up to the order of z2b , i.e., in the
framework of the third-order virial expansion where the
two-body and three-body contributions are fully taken
into account. Compared to Ref.[38], here additional dia-
grams are included in Fig.2 (e,f,g) due to the presence of
a finite boson-boson interaction.
Fig.2(a) leads to the lowest order of Σ in zb:
Σ(1) = zb
∫
d3P
(2pi)3
e−βP−kT ib2
(
ω + iδ + P−k − P
2
2(mi +mb)
)
;
(5)
The remaining diagrams (b-g) give rise to the second or-
der contributions Σ(2) ∼ z2b . The sum of the diagrams in
(b,c,d) gives:
Σ(2;bcd) = z2b
{∫
d3P
(2pi)3
e−2βP−kT ib2
(
ω + iδ + P−k − P
2
2(mi +mb)
)
+
∫
d3p1
(2pi)3
∫
d3p2
(2pi)3
e−β(p1+p2 )
[
T ib2
(
ω + iδ + ∆− p
′
1
2
2mAD
)]2
T bb3 (p
′
1,p
′
1, ω + iδ + ∆)
+
∫
d3p1
(2pi)3
∫
d3p2
(2pi)3
e−β(p1+p2 )T ib2
(
ω + iδ + ∆− p
′
1
2
2mAD
)
T˜ bb3 (p
′
1,p
′
2, ω + iδ + ∆)T
ib
2
(
ω + iδ + ∆− p
′
2
2
2mAD
)}
.(6)
4Here ∆ = p1+p2−P 2t /(2M), with Pt = k+p1+p2 and
M = 2mb+mi respectively the total momentum and the
total mass of three-body system; p′1,2 = p1,2−mbPt/M
and mAD = mb(mb + mi)/M are the relative momenta
and the reduced mass for atom-dimer scattering.
The sum of the diagrams in (e,f,g) give:
Σ(2,efg) = z2b
∫
d3P
(2pi)3
∫
d3p1
(2pi)3
∫
d3p2
(2pi)3
∫ ∞
0
dxe
−β(x+ P24mb )ρ(x)
[
T ib2
(
ω + iδ + ∆− p
′
1
2
2mAD
)
· (2pi)3δ(p1 − p2)
+T ib2
(
ω + iδ + ∆− p
′
1
2
2mAD
)
T bb3 (p
′
1,p
′
2, ω + iδ + ∆)T
ib
2
(
ω + iδ + ∆− p
′
2
2
2mAD
)]
(7)
with
ρ(x) = − 1
pi
Im
[
T bb2 (x+ i0
+)
(x+ i0+ − ε1)(x+ i0+ − ε2)
]
(8)
Here ε1 = p1 + P−p1 − P 2/(4mb); ε2 = p2 + P−p2 −
P 2/(4mb); ∆ = x+P
2/(4mb)−P 2t /(2M), and Pt = k+P
is the total momentum of three-body system. In the case
of a positive abb, we have neglected the contribution from
the bound state of two bosons.
By summing up all the diagrams in Fig.2, we obtain
the impurity self-energy Σ = Σ(1)+Σ(2) up to the order of
z2b , which has included all the two-body and three-body
contributions. The spectral function can be computed
from the propagator of the impurity, Gi(k, ω) = (ω +
iδ − k2/(2mi)− Σ(k, ω + iδ))−1, as
A(k, ω) = − 1
pi
Im
(
Gi(k, ω)
)
. (9)
III. EFIMOV CORRELATION ENHANCED BY
MASS IMBALANCE
In this section, we focus on the effect of mass imbalance
to the spectral response of Bose polarons. To facilitate
the discussion, here we consider the simple case when the
background boson-boson interaction is absent. Therefore
among the diagrams of T3 in Fig.1 only T
bb
3 is non-zero,
and in Fig.2 only the diagrams of (a-d) are relevant. The
specific effect of a finite boson-boson interaction will be
discussed in Section IV, and we emphasize here that the
general concept of using mass imbalance to enhance the
Efimov correlation in Bose polarons will not be affected
by the background boson-boson interaction.
As pointed out in our earlier study[38], to facilitate
the visibility of Efimov signatures in polaron system,
one requires the size of the Efimov trimer(lt) be com-
parable to the inter-particle distance(d) of the underly-
ing many-body system. This is because if the trimers
are too shallow (lt  d), as in the recent Bose polaron
experiments[26, 27], the three-body correlation can be
easily washed out by the two-body ones near the reso-
nance. In the opposite limit, if the trimers are too deep
(lt  d), the Efimov signal is also weak in the polaron
spectrum as measured from the inverse rf spectroscopy,
because such deep trimers have little wave function over-
lap with the initial scattering state. Thus the optimal sit-
uation is lt ∼ d, and to achieve this condition one would
need the mass imbalance to tune the Efimov scenario in
hetero-nuclear atomic systems.
To illustrate the idea, we consider three experimen-
tally well-studied systems with different impurity-boson
combinations: (I) 39K-39K[26], (II) 7Li-87Rb[49] and (III)
6Li-133Cs[18, 19], which respectively give the mass ratio
η = 1, 12.4 and 22.2. In Fig.3 (a1-a3), we show the
schematics of Efimov energy levels with respect to the
attractive/repulsive polaron branches in these systems.
The effect of mass imbalance, as discussed previously, is
to modify the Efimov scenarios in the three-body system
of two bosons and the third particle[2, 39]. Namely, by
increasing η the Efimov scaling can be greatly reduced[2]
and the ground state Efimov trimer appears far from
resonance and can be rather deep at resonance[39]. As
shown in Fig.3 (a1-a3), with increasing η from (a1) to
(a3), the Efimov spectra become gradually denser and
the energy levels move downward to get close or even
level cross with the attractive polaron branch (see (a2)
and (a3)). Thus one can expect that the Efimov signature
will not show up in (a1) (system I) because of lt  d but
could be visible in (a2,a3) (systems II,III) given lt ∼ d.
The basic idea illustrated above can be verified by the
numerical calculation of the impurity spectral function
A(k = 0, ω) based on the formalism presented in Sec-
tion II. In Fig.3(b1-b3), we show the spectrum of dif-
ferent polaron systems by taking into account all the
two-body and three-body contributions (by summing up
the diagrams in Fig.2(a-d)). To separate out the three-
body effect, in Fig.3(c1-c3), we further show the re-
sults by only considering the two-body contributions (di-
agrams in Fig.2(a,b)). Here we take the boson fugacity
zb = 0.1 and a uniform boson density nb = 2× 1014cm−3
for all different systems. We use k−1F = (6pi
2nb)
−1/3
and EF = k
2
F /(2mb) as the units of length and en-
5FIG. 3. (Color Online). Schematics of the Efimov states with respect to the polaron branches (first row), and the contour plots of
impurity spectral function A(0, ω) by taking into account all the two-body and three-body contributions (second row) or by only
considering the two-body contribution (third row). Three systems with different impurity-boson combinations are considered
(from the first to the third column): (I)39K-39K, (II)7Li-87Rb and (III)6Li-133Cs. In our numerical calculations, we take the
boson fugacity zb = 0.1, and the boson density nb = 2 × 1014cm−3 for all systems, which determines kF = (6pi2nb)1/3 and
EF = k
2
F /(2mb). The scattering lengths for the first Efimov resonance in different systems are taken from Ref.[18, 19, 26, 49].
In the spectrum, we also show the trimer energy (black dotted), and the polaron energy from mean-field theory (white dashed)
and from the variational approach up to single boson excitations[50] (black dash-dotted). Here we assume no boson-boson
interaction for all systems. The plots of (b1,b3) are the same as shown in Ref.[38].
ergy. All systems are in the high-temperature regime with T/EF = 3.75.
Clearly, we see that for system (I) with small mass
ratio η = 1, only the attractive and repulsive polaron
branches are visible but not any signature of Efimov
physics (Fig.3(b1)). Meanwhile, by comparing (b1) and
(c1) we can see that the two-body contributions dom-
inate in the resulted spectrum while three-body ones
take little effect. All these results are consistent with
our expectation on the rather shallow Efimov trimers
with size lt  d. On the contrary, for systems (II)
and (III) with large η, the three-body (Efimov) contri-
butions play an important role in the resulted spectrum.
For system (II), Fig.3 (b2) shows an additional Efimov
branch besides the ordinary attractive and repulsive po-
laron branches. Such Efimov branch is associated with
the first Efimov trimer emerging at 1/(kFa
(1)
− ) = −0.44.
As tuning 1/aib this branch can undergo an avoided level
crossing with the attractive branch, giving rise to the
spectral broadening due to the enhanced hybridization
between these branches. For system (III) with larger η,
because of the even deeper and denser Efimov states, we
can see in Fig.3(c2) two visible Efimov branches in the
spectrum, which are respectively associated with the low-
est two Efimov trimers emerging at 1/(kFa
(1)
− ) = −2.56
and 1/(kFa
(2)
− ) = −0.40. As tuning 1/aib these Efimov
branches can either undergo an avoided level crossing or
get close to the attractive polaron branch, which both
lead to the spectral broadening near the regime of inter-
branch hybridization.
The three-body contributions in systems (II) and (III)
are remarkable by comparing Fig.3 (b2,c2) with (b3,c3).
6First, the three-body effect directly leads to the appear-
ance of Efimov branches. Namely, such branches can only
show up in (b2,c2) which incorporate the three-body ef-
fect but not in (b3,c3). Secondly, with three-body effect,
the spectral width of the attractive branch in (b2,c2) is
reasonably broader than that in (b3,c3). This can be at-
tributed to the deep Efimov trimers below the attractive
branch, which provide an additional channel for the latter
to decay. Finally, we see the three-body effect can pro-
duce additional signals in (b2,c2) at positive frequency
ω > 0. This can be related to the effect of Efimov res-
onance, i.e., when the Efimov trimers start to emerge
from the scattering threshold, to the scattering states of
polarons. Nearby zero frequency, we also find a small
unphysical parameter region with negative spectral func-
tion, and we attribute this to the convergence problem
of virial expansion and the absence of higher-order con-
tributions in the self-energy.
Fig.3(b1-b3) and (c1-c3) also reveal another notable
effect of the mass imbalance, namely, by increasing η the
attractive and repulsive branches acquire much narrower
relative spectral width, which is defined by the ratio of
the absolute width to the mean location of the spectral
peak. This has been pointed out earlier in Ref.[38] where
three-body effect was taken into account, while here we
show that this statement equally applies if only consider
the two-body contributions (see (c1-c3). Therefore this
feature does not rely on the order of virial expansion,
but rather an intrinsic property uniquely produced by the
mass imbalance. As we have taken the same boson fugac-
ity zb for all systems, which gives the same ratio between
the thermal wavelength (λT ) and inter-particle distance
(d), this observation suggests that for a given λT /d, the
Bose polaron quasi-particle is more well-defined for larger
mass ratio η.
We note that previous studies[36, 37] have revealed
the Efimov effect to the energetics of the Bose polarons
with relatively small mass imbalance. In comparison,
we study the Efimov signatures in the spectral response
of Bose polarons facilitated by the large mass imbalance.
Thus the setting of our work is different from the previous
studies[36, 37]. There is, however, an intrinsic relation
between our work and Ref.[36], in that the avoided level
crossing between the Efimov branch and the attractive
polaron branch in this work (as shown in Figs.3,4) is
consistent with the physics of atom-trimer continuity in
the ground state of the Bose polarons as pointed out in
Ref.[36].
IV. EFFECT OF A FINITE BOSON-BOSON
INTERACTION
In this section we discuss the effect of a finite boson-
boson interaction with abb 6= 0. In the presence of a finite
abb, all the four T
αβ
3 in Fig.1 should be modified from
zero abb case and all the self-energy diagrams in Fig.2
involving T3 and T
bb
2 should be affected. Specifically,
compared to zero abb case, Fig.2(c,d) produce different
results due to the change of T bb3 , and Fig.2(e,f,g) also
give non-zero contributions.
FIG. 4. (Color Online). Efimov spectrum in a three-body
system (a), and the Bose polaron spectrum (b1-b3, c) for
6Li-133Cs system with a finite boson-boson scattering length
abb = 10nm. We take zb = 0.1 and the boson density
nb = 0.64 × 1014 cm−3. In (a), we show the three lowest
Efimov states of Li-Cs-Cs system with zero (red dashed) and
finite abb (black solid). The blue dash-dotted line shows the
boson dimer energy supported by the positive abb. In (b1-b3)
we show the slices of A(0, ω) at different interaction strength
1/(kF aib) = −3.75,−0.3, 0. The black solid (red dashed)
curves are obtained with (without) the contributions from
(e,f,g) diagrams in Fig.2 (or Eq.7). In the contour plot (c),
different lines are the same as in Fig.3.
Here we consider the 6Li-133Cs system near 889G Fes-
hbach resonance, where the Cs-Cs scattering length is
abb = 10nm. Recent theoretical and experimental stud-
ies have shown that the presence of a positive abb can
greatly modify the Efimov scenario[40, 41], in that the
ground state trimer of Li-Cs-Cs system merges into the
Cs-Cs dimers as tuning the Li-Cs scattering length which
makes the first Efimov resonance disappear.
In Fig.4(a), we numerically verify above statement by
calculating the lowest three trimer energies E
(n)
t (n =
1, 2, 3) from the pole of any T3 matrix in Fig.1. We find
that indeed the first trimer state (E
(1)
t ) merges into the
7Cs-Cs dimer line (E2,bb = −1/(mba2bb)) instead of touch-
ing the scattering threshold. However, for other trimer
states with index n ≥ 2, the Efimov spectra are hardly
modified by abb. This can be attributed to the well-
separated length scales, i.e., abb  |a(n)− |, l(n)t for n ≥ 2,
where a
(n)
− , l
(n)
t are respectively the scattering length for
the n-th Efimov resonance and the size of the n-th trimer.
We thus expect that one can still utilize the second lowest
Efimov trimer to visualize the Efimov signature in Li-Cs
Bose polarons.
In Fig.4 (b1-b3) we show slices of A(0, ω) for Li-
Cs polaron system at three typical interaction strength
1/(kFaib) = −3.75,−0.3 and 0. Here we again take zb =
0.1 but choose a smaller boson density nb = 0.64 × 1014
cm−3 compared to that in Fig. 3. The purpose of a
smaller nb here is to reduce the energy of the attrac-
tive branch so as to enable the maximized hybridization
with the Efimov branch in the form of the (avoided) level
crossing. Indeed, we find no Efimov signature near a
(1)
−
(Fig.4(b1)); while near a
(2)
− , a sharp Efimov peak ap-
pears in the spectrum and it coexists with the attractive
polaron peak (Fig.4(b2)); further tune away from the
avoided level crossing, the Efimov peak evolves to a single
peak signifying the attractive polaron (Fig.4(b3)). When
plotting this figures, we show the results both with and
without including the contribution from (e,f,g) diagrams
in Fig.2, and find that they do not make too much dif-
ference. Therefore in this case the (e,f,g) diagrams take
little effect in the resulted spectrum, and for simplicity
they have been neglected in producing the contour plot
in Fig.4 (c).
In Fig.4 (c) we show contour plot of the spectrum in
the (1/(kFaib), ω) parameter plane. As expected we see
an avoided level crossing between the Efimov branch (as-
sociated with the second lowest Efimov trimer) and the
attractive polaron branch. Similar to Fig.3, near the re-
gion of their avoided level crossing the spectra are greatly
broadened due to the enhanced inter-branch hybridiza-
tion with similar energies. Comparing Fig.4 (c) and Fig.3
(b3), we see that the relative energy between different
branches can be conveniently tuned by the density of bo-
son system.
In this section we have discussed the effect of a fi-
nite abb to the spectrum of Li-Cs Bose polarons. When
generalized to Li-Rb system[49], since the Rb-Rb scat-
tering length abb ∼ 5nm is much smaller than |a(1)− | ∼
100nm, we expect that in this case the small abb can
hardly change the spectrum obtained with zero abb (see
Fig.3(b2)).
V. SUMMARY AND DISCUSSION
In summary, in this work we have presented an exten-
sive study of using mass imbalance to enhance the Efimov
correlation in Bose polarons, following the main idea il-
lustrated in our earlier work[38]. We show that a large
mass ratio between bosons and the impurity can facili-
tate the visualization of Efimov signatures in the spec-
tral response of Bose polarons, and meanwhile, it can
reduce the relative spectral width and therefore support
a more well-defined quasi-particle behavior in the corre-
sponding system. Moreover, taking the realistic Li-Cs
system we study the effect of a finite background boson-
boson interaction to the polaron spectrum. It is shown
that the Efimov signatures associated with the second
lowest Efimov trimer still persists, and the signal can be
even pronounced if lowering the boson density to enable
an enhanced hybridization between the Efimov branch
and the attractive polaron branch. These results demon-
strate the novel Efimov correlation and its visible effect
in the many-body environment, which hopefully can be
directly probed in current cold atoms experiments of Li-
Cs and Li-Rb Bose polarons.
In this work, the spectra in Figs.(3,4) are obtained in
the framework of high temperature virial expansion. It
is thus remarkable that even at such high temperature
the three-body effect can produce so significant effect.
These rigorous results in the high temperature regime can
serve as a benchmark for studying the polaron physics as
reducing the temperature to, for instance, the quantum
degeneracy and even the Bose condensation regime.
Our results also shed light on the Fermi polarons with
dominated three-body correlations, which can be associ-
ated with the formation of universal trimers[51] or Efi-
mov trimers[52]. We remark that to enable the visibility
of Efimov signatures in the spectral response of Fermi
polarons, the general requirement of lT ∼ d will still
hold true. However, depending on the property of un-
derlying Fermi system, for instance, it can be a Fermi
superfluid[32, 33] or with spin-orbit coupling[34, 53], the
three-body correlation may manifest itself quite differ-
ently in the spectral response, which will be left for future
studies.
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